Background: We conducted the first study to investigate post-diagnostic oral bisphosphonates use and colorectal cancer-specific mortality.
Bisphosphonates, in particular those containing nitrogen, may act on tumour cells directly protecting against visceral metastases. Studies have reported antiproliferative effects and proapoptotic effects, as well as reductions in tumour cell adhesion, invasion, angiogenesis and immune system modulation (Neville-Webbe et al, 2002) . Studies in colorectal cancer (CRC) found similar results reporting decreased cell proliferation (Suri et al, 2001; Sassa et al, 2009 ) and increased apoptosis (Suri et al, 2001; Sewing et al, 2008) .
Clinical trials also suggest bisphosphonates may influence cancer survival. Trials of bisphosphonates as adjuvant therapy in breast cancer patients reported improved survival outcomes, however, evidence is inconsistent (Neville-Webbe et al, 2002) . In CRC, studies have shown reductions in risk (Yang et al, 2013) , but no epidemiological studies have investigated the effect of bisphosphonates on cancer outcomes in patients diagnosed with CRC.
This was the first study to investigate the effect of postdiagnostic oral bisphosphonate usage on CRC-specific mortality in a large prospective UK population-based cohort of CRC patients.
MATERIALS AND METHODS
Study design. The UK Clinical Practice Research Datalink (CPRD) contains demographic information, clinical diagnoses and details of issued prescriptions. This was linked to the National Cancer Data Repository (NCDR), comprising data from all English cancer registries including date, site of primary cancer diagnosis, stage and treatment data and to the Office of National Statistics (ONS) mortality data up to January 2011. Ethical approval for observational research using CPRD has been obtained from a multicentre research ethics committee. CRC cases were identified from CPRD, based on a primary diagnosis of CRC, confirmed by a NCDR CRC diagnosis (ICD codes C18 for colon and C19/C20 for rectum) from 1998 to 2007. Individuals with a history of cancer were excluded (except in situ neoplasms and non-melanoma skin). Patients were excluded if the date of cancer diagnosis predated their date of registration at a CPRD practice or predated CPRD quality records or occurred after the last date of data collection. One patient recorded as having a prescription for an intravenous bisphosphonate was excluded. Deaths were classified as CRCspecific if the underlying cause of death was C18, C19, C20, C21 or C26. Follow-up started 1 year after a cancer diagnosis, as it is unlikely that post-diagnostic medication use could influence deaths in this time period. Other studies have utilised similar methods (Yu et al, 2014) . Patients were followed up to death, end of registration with the GP, last date of data collection from the GP or end of follow-up.
Exposure data. Oral bisphosphonate use was determined from GP prescription records. Prescription data were converted to defined daily doses (DDD) based on quantity and strength in milligrams. Bisphosphonate use was investigated as a time varying covariate (Lévesque et al, 2010) , with individuals considered non-users until 6 months after their first prescription. This lag of 6 months removed prescriptions in 6 months before death as these may reflect end of life treatment.
Confounders. NCDR provided data on cancer stage, grade and treatment. Smoking, alcohol consumption and body mass index (BMI) were determined from the closest GP record before a CRC diagnosis (records 410 years were ignored). Pre-diagnostic comorbidities were determined from GP diagnosis codes. Postdiagnostic use of low-dose aspirin, b-blockers, non-steroidal antiinflammatory drugs (NSAIDs), angiotensin-converting enzyme (ACE) inhibitors and statins (modelled as time varying covariates with a 6 month lag), was determined from GP prescribing data.
Data analysis. Time-dependent Cox regression models were used to calculate hazard ratios (HRs) for cancer-specific deaths and 95% confidence intervals (CIs) for bisphosphonate users vs non-users, adjusting for potential confounders. Analyses were also conducted by DDDs and number of prescriptions, as well as in alendronate users and users of nitrogen-containing bisphosphonates. Analyses were repeated restricting to patients with available stage and grade information and additionally adjusting for these covariates.
Subgroup analyses were conducted by site, stage and among females 460 years. Sensitivity analyses were conducted increasing the lag to 1 year and investigating pre-diagnostic bisphosphonate use in the year before diagnosis, not excluding deaths in the year after diagnosis. Additional analysis investigated post-diagnostic use among new users of bisphosphonates. A propensity score matched analysis was conducted using a simplified analysis based upon use in the first year after diagnosis. Logistic regression was used to create a propensity score for bisphosphonate use in the first year after diagnosis using previously mentioned potential confounders. Matching was implemented by PSMATCH2 (Leuven, 2013) using single nearest neighbour matching. Cox regression compared CRC-specific mortality in bisphosphonate users and propensity score matched control group using a robust variance estimator to account for lack of independence within matched pairs, as recommended (Austin, 2013) . All analyses were conducted using STATA 11 (StatCorp, College Station, TX, USA).
On the basis of the observed cohort of 4800 colorectal patients and 1550 cancer-specific deaths and the observed bisphosphonate usage of 7% of individuals, the study would have over 80% power to detect as statistically significant a HR of B0.75, using a method based upon Schoenfeld's log rank test method implemented in STATA 11. Medication use modelled as a time varying covariate with an individual considered a non-user before 6 months after first medication usage (or 12th prescription) and user after this time, excluding deaths in the year after cancer diagnosis.
b Adjusted for year of diagnosis, age at diagnosis, sex , site (colon/rectum for colorectal cancer) , surgery within 6 months, chemotherapy within 6 months, radiotherapy within 6 months, pre-diagnostic comorbidities (including myocardial infarction, cerebrovascular disease, congestive heart disease, chronic pulmonary disease, peripheral vascular disease, peptic ulcer disease, diabetes, renal disease and rheumatoid arthritis) pre-diagnostic smoking (missing category included), low-dose aspirin use, statin use, ACE inhibitor use, b-blocker use and NSAID use (all in the exposure period).
c Cohort restricted to those with available stage and grade information and analysis additionally adjusted for stage and grade.
d Analysis restricted to non-users in the year before diagnosis, restricted to individuals with at least 1 year of records before colorectal cancer diagnosis.
e Propensity score calculated using logistic regression with bisphosphonate use as the outcome and the following exposure variables: low-dose aspirin use, statin use, ACE inhibitor use, b-blocker use, NSAID use (in first year after diagnosis), age, year, gender, surgery, radiotherapy, chemotherapy, cancer site (colon or rectum), comorbidities (before diagnosis, including cerebrovascular disease, chronic pulmonary disease, congestive heart disease, diabetes, myocardial infarction, peptic ulcer disease, peripheral vascular disease and renal disease) and smoking before diagnosis. Fully adjusted estimate model also includes stage and grade.
f On the basis ofone or more prescription in the year before cancer diagnosis, restricted to individuals with at least 1 year of records before a cancer diagnosis, does not exclude deaths in the first year after diagnosis. Adjusted analysis includes all variables used in footnote a with the exception of other medication usage that are adjusted for in the year before diagnosis.
RESULTS
The final cohort consisted of 4791 CRC patients with 1576 CRCspecific deaths. The average follow-up was 3.3 years with a range in follow-up from 1 to 12.9 years. Bisphosphonate users were more likely to be female, to have colon cancer, be older at diagnosis, to be non-drinkers and to have certain comorbidities including chronic obstructive pulmonary disease, congestive heart disease and rheumatological disease (Table 1 ). In addition, bisphosphonate users were less likely to undergo radiotherapy or chemotherapy compared with non-users and less likely to be current smokers or have a high BMI. Patients using bisphosphonates were also more likely to present with lower-stage disease and were more likely to take other medications (including statins, low-dose aspirin, ACE inhibitors, NSAIDs and b-blockers).
Post-diagnostic bisphosphonate use and colorectal cancerspecific mortality. Sensitivity analyses. In most subgroup and sensitivity analyses the observed associations were similar (Table 2 ). In particular, associations with CRC-specific mortality were similar when propensity score matched analyses were conducted on all confounders (HR ¼ 1.13 95%; CI 0.62, 2.07). Use of bisphosphonates in the year before diagnosis gave a more marked estimate (adjusted HR ¼ 1.35; 95% CI 0.90, 2.02).
DISCUSSION
This study of a large population-based CRC cohort, found no association between post-diagnostic bisphosphonate use and CRC-specific mortality.
No studies have investigated bisphosphonate use and survival in a cohort of CRC patients. Although previous studies have reported reductions in CRC risk among bisphosphonate users (Yang et al, 2013) , these protective associations do not appear to translate to CRC survival. However, a study of post-menopausal women reported that users of alendronate had a reduced risk of dying from colon cancer (adjusted HR ¼ 0.62 95%; CI 0.52, 0.72) (Pazianas et al, 2012) , but as this cohort was not restricted to colon cancer patients this estimate is likely to largely reflect incidence rather than survival. The authors also reported that alendronate users who developed colon cancer had reduced all-cause mortality compared with alendronate non-users who developed colon cancer (adjusted HR ¼ 0.82; 95% CI 0.70, 0.97). However, this estimate will have been influenced by non-cancer mortality and this estimate is based upon alendronate use determined years before colon cancer diagnosis (potentially up to 10 years).
Our study utilised a large cohort of CRC patients and linkage with NCDR and ONS data allowed robust verification of cancer diagnosis and death data, respectively. Using GP prescribing data should capture almost all usage as bisphosphonates are not available over the counter in the UK as well as eliminating any recall bias that exists in questionnaire-based studies and allowing temporal relationships to be investigated. Although consumption cannot be guaranteed, similar findings were observed when assessing increasing number of prescriptions and DDDs, thus reducing the likelihood that compliance is affecting our results. It is possible however, that bias due to misclassification of cancer-specific death could occur. Although we adjusted for important confounders such as sex, stage and treatment, the possibility of residual confounding remains as we were unable to adjust for other confounders such as socioeconomic status. Although bone metastasis is an indication for intravenous bisphosphonates use in the UK (Joint Formulary Committee, 2014) , this seems unlikely to bias our results because we investigated only oral bisphosphonates and bone metastases is rare in CRC cancer patients (Roth et al, 2009) . Additionally, bisphosphonate users had lower stage at presentation and analysis of bisphosphonate use before diagnosis revealed similar results.
In conclusion, this large population-based study of CRC patients found no association between bisphosphonate use and CRC-specific mortality. Our findings do not support preclinical evidence suggesting bisphosphonates may protect against visceral metastases (Neville-Webbe et al, 2002) .
